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FOREWORD

The measurement of atmospheric parameters to support activities on National Ranges involves
the entire meteorological environment from the simplest observation of data near the surface to
the complex and difficult measurements of high altitude parameters using rocket and satellite-borne
instrumentation. The need for accurate assessment of the meteorological environment in which missile
and space system operations are conducted do not vary significantly from one range to another,
though the frequency and quantity of observations may be considerably different. In recent years,
many test programs have involved the use of more than one range and required similar types of
meteorological measurements from each range involved.

Measurements of the atmospheric environment are, in most cases, made by using the same types
of instruments on the several ranges. To ensure the highest quality processed data, the Meteorological
Group (MG) of the Range Commanders Council is assigned the task of standardizing the methods
used in the reduction of range meteorological data. A committee has been formed to pursue a task
titled *‘Standardization of Range Meteorological Data Reduction.’’ The committee is currently
composed of the following members:

H. C. Herring ~ ESMC, Chairman
F. J. Schmidlin - NASA, WFC

D. Dunaway - WSMR

E. J. Keppel - AD

G. Boire - WSMC

D. A, Lea ~ PMTC

E. E. Fisher - AFSC/AWS

R. Noonan -~ AFFTC

R. Titus - NTS/DOE

E. Gibeau - KMR

The original issue of this document was published as IRIG Document 108-67 in August 1967.
Both Parts [ and II of the document were later published as IRIG Document 108-72. The current
revision of the Document comprises computer program documentation for a large central computer
to process data from transponder radiosondes. The program for use in minicomputer operations
uses the same precepts and has been subdivided somewhat to ailow the program to run on the smaller
machines. The two programs produce virtually identical results.

Input consists of positional and meteorological data as recorded by the tracking system real-time
program. This data consists of slant range, elevation angie, azimuth, temperature, and relative
humidity. Data from nontransponder radiosondes is converted to a transponder radiosonde format
by a preprocessing program (NTRE).

The output data consists of height, wind direction and speed, temperature, dewpoint, relative
humidity, absolute humidity, density, refractive index, sound velocity, wind shear, vapor pressure,
and precipitable water. This disk file is used to send data out via magnetic tape or 80—column cards.
It is also used as an input file to other programs.




The output data is controlled by a system of records accessible to the operator, This system allows
the data to be changed in minimum time between the different data types required by the users.
The standard rawinsonde output is in 1,000-foot increments with the wind speed in knots.

Range meteorological agencies are encouraged to conform to the standard data-reduction 1echniques
and to use the formulas contained in this document in an effort to achieve the highest possible
degree of standardization of meteorological data at all ranges. in addition, the commitiee encourages
other agencies involved in machine processing of meteorological data to conform to these standardized
procedures to the maximum extent possible. The committes and the Meteorological Group invite
and solicit comments and recommendations for improvement in the data-reduction techniques and
associated information contained in this document.
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1.0 OVERVIEW

This program is used to reduce the rawinsonde data output by the Meteorological Sounding System
(MSS) tracker. Daily, the output of this program is used by the Cape Canaveral Forecast Facility
(CCFF) and by the World Meteorological Organization {WMO). The output is also archived daily
and sent monthly to the Environmental Technical Applications Center (ETAC). During test operations,
the dara is used by Range Safety, CCFF, the launch controllers, and the test engineers as a part
of the launch-no-launch criteria, and for post-launch study and evaluation.

The output data is in both the English and metric system units. These outputs go to the printer
for the various local users, to a teletype file for distribution as needed by that medium, and to
a disk file for further use as input to specialized programs. These specialized programs include CODE
which creates the coded message for worldwide distribution, ROCK which uses the data to baseline
the pressure and density calculations for a metrocket reduction, RSAO which creates an analysis
report for use by the duty forecaster, THIK which is a rawinsonde quality—control program, and
UXUS which creates a preliminary coded message for worldwide distribution.
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20 MATHEMATICAL DESCRIPTION
2.1 Program RSRC
None
2.2 Function WDIRF
2.2.1  Computation of Wind Speed (C)
c =\ v+ vy

where VX

east-west wind velocity component [feet per second {ft/s) or meters per
second (m/s)]

VY = north-south wind velocity component (ft/s or m/s}

22,2 Computation of Wind Direction

If VX =20
and VY =2 0

then D = 360.0

else D = 180.0
else D. = RAD - ftan” (VY/VX)]
If VX <0

then D = 270 - D,

else D= 9 - D,
If D <05

then B = 360.0
where D, = Cartesian wind direction (degrees)

D = meteorological wind direction (degrees)
RAD = 57.29578 (degrees per radian)

VX = east-west wind velocity component {ft/s or m/s)

VY north-south wind velocity component (ft/s or m/s)

2.3 Subroutine WIND




RSRC 2

231 Computation Wind Velocity Components

VX

j = X~ Xp/(Gx — Gy
VY; = (Y; - Y}/ (G - Gp
where VX = east-west velocity component (ft/s or m/s)
VY = north-south velocity component (ft/s or m/s)
X = east-west position component (ft or m)
Y = north-south position component (ft or m)
G = elapsed time (s)
i = lower bounding level index
j = index of layer in qguestion
k = upper bounding level index
. 24 Subroutine TSIGN
None
25 Subroutine FORM
2.5.1 Conversion of Shear in seconds™ to knots/foot
THR = SHR - 592.085

where THR

shear in kn/ft

= . ft/s _ PR
SHR shear in 000 1~ shear in s

592.085 = kn/ft + 1000
2.6 Subroutine TRHC
2.6.1 Computation of the Thermistor Time Constant
A=198 - (g - N
where A = thermistor time constant

. o = density (g/cm”)

V = ventilation velocity = 6 m/s — held constant to prevent extreme variation
in time constant
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2.6.2 Computation of the True Thermistor Temperature

TC = TCP + DG - {['r - TCP - (1 - c*DG/'l) - TP . c-DGx‘A}/
[DG -4 - (1-eD670]}
where TC = true thermistor temperature {°C)

TCP = previous true thermistor temperature (°C)
DG = time interval (s)
T = indicated thermistor temperature (°C) -
TP = previous indicated thermistor temperature (°C)
A = thermistor time constant
e = base of the Naperian logarithmic system
263 Computation of the Temperature Lapse Rate

LR = [T=TCP - (1-¢D5%) —Tp . &3] /[DG -1 - (1 - D))

!

where LR = temperature lapse rate

T = indicated thermisior temperature (°C)
TCP = previous true thermistor'temperatu:c °Q

DG

I

time interval (s}
A = thermistor time constant
TP = previous indicated thermistor temperature {°C}
¢ = base of the Naperian logarithmic system
2.6.4 Computation of the Hygristor Substrate Temperature Time Constant

A=520 - (o - VWO

where A = hygristor substrate temperature time constant

density (g/cm’)

o
il

V = ventilation velocity = 6 m/s
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2.6.5 Computation of the Substrate Temperature

TS

where T8 =

TCP

DG

TSP =

e

(tcP-1 - LR) - (1 —eP9%) + LR . DG + TSP . ¢ DC/A
substrate temperature (°C)

previous true thermistor temperature (°C)

hygristor substrate temperature time constant

temperature lapse rate

time interval (s)

previous substrate temperature (°C)

base of the Naperian logarithmic system

2.6.6 Computation of the Insolation Error

AT =

where AT

p

~ 0.0659 - /P + 2.464
insolation error (°C)

pressure (mbars)

2.6.7 Computation of the Vapor Pressure Ratio

CCOR =

where COR =

TSD =

AT

TC

[(17.269 - TSD)/(237.3 + TSD)
[(17.269 - TC)/(237.3 + TC)

vapor pressure ratio

true temperature of the sensor substrate (°Cj
TS + AT for a daytime run

TS for a night run

substrate temperature {°C)

insolation error (*C)

true thermistor temperature (°C)

base of the Naperian logarithmic system
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2.6.8 Computation of the True Relative Humidity

RC = R - COR

where RC = true relative humidity (%)
R = indicated relative humidity (%)
COR = vapor pressure ratio

2.7 Subroutine COMPUT -

2.7.1 Conversion of Range in Meters to Range in Feet

RF = RM/0.3048
where RF = range (ft)
RM = range (m)

2.7.2  Conversion of Temperature in Degrees Celsius to Degrees Kelvin

TK = T + 273.15

where TK = temperature (K)
T = temperature (°C)
273.15 = conversion factor

2.7.3 Computation of Vapor Pressure (e) in Miliibars

75 - T
e= 00611 - RH - 10 7T
where RH = relative humidity (%)
T = temperature (°C)

274  Computation of Dewpoint Temperature (TD) in Degrees Celsius
TD = [237.3 - log (e) — 186.527]/18.286 — log (e)]

where e = vapor pressure (mbars)

2.7.5 Computation of Absolute Humidity (gw) in Grams per Cubic Meter
ow = 216.7 (e/TK)

where TK = itemperature (K)

e = vapor pressure (mbars)
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2.7.6 Computation of Correction to Elevation Angle for Refractive Index
EN = cot $ - [(RI - RIS) - 10°] - 57.29578
$ = ¢ + EN
where EN = correction to angle for refractive index (degrees)

¢ = measured elevation angle (degrees)

RI refractive index at level

RIS = refractive index at the surface
& = corrected elevation angle {degrees)

T

2.7.7 Computation of the Geometric Height (Z) and the Geopotential Height (H)

Z

(VR + HA + TRKHGT) + R + 2R - (R, + HA + TRKHGT) -
- R} * SF
H= (R, 2)/(R; +7Z) - GRAT
where R. = radius of the Earth (ft)
R = slant range (ft)
HA = station height (ft)
TRKHGT

tracker height above station height (ft)
SF = constant used to convert feet to meters or leave in feet
GRAT = ratio of local gravity to gravity at 45° latitude
= 1 — 0.0026373 cos 8; + 0.0000059 cos” €y
6 = local latitude (degrees)
2.7.8 Computation of Correction of Elevation Angle for Earth’s Curvature

be = 9 + [@ - cos 4/sin 472 - RY| - 5729578

where ¢, = elevation angle corrected for Earth’s curvature and refractive index
(degrees)
¢, = elevation angle corrected for refractive index (degrees)

N
il

geometric height (ft)

=
]

e = radius of the Earth (ft)

sin ¢,




2.7.9 Computation

where e

SF

2.7.10  Computation

log ¢
where 348.38
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of the Fast-West (X), North-South (Y} Position Components
R - cos ¢, » sin @ - SF

R - cos ¢, - cos 8 - SF

azimuth angle from tracker (degrees)

elevation angle corrected for Earth’s curvature and refractive index
(degrees)

east-west component of position in meters or feet depending on value of
SF

north-south component of position in meters or feet depending on value
of SF

slant range (f1)

conversion factor for feet or meters
of the Logarithm of Density (LOG g)
log (348.38 - P/TV)

gas constant for dry air combined with a conversion factor. Ref. p 290,
SMT, List 1968.

barometric pressure {mbars)

virtual temperature

2.7.11  Computation of Preliminary Virtual Temperature (TV)

This preliminary temperature is used as a virtual temperature in computing the initial pressure at

the level.

TV = TK

where TK = temperature at the first level (K)

2.7.12  Computation of Virtual Temperature (TV)

The true virtual temperature and a mean virtual temperature are compuied at the level using

TV
TV
where TK

€

TK/{1.0 — 0.379 e/P)
(TV + TVP)/2
temperature (K)

vapor pressure {mbars)



TVP
P

TV
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previous level virtual temperature (K)
barometric pressure (mbars)

mean virtual temperature (K)

2.7.13 Computation of Barometric Pressure

The barometric pressure (P) at each level is initially computed using the preliminary value of TV

and recomputed

where

2.7.14

where

2.7.15

where

2.7.16

where

P
PP
H
HP

TV

HV

using the same expression and the true TV.

I

jollog PP) — (H - HP) /HV - TV)]
previous level pressure {mbars)

geopotential height of the level (ft)
geopotential height of the previous level {ft)
mean virtual temperature (K)

constant containing the general gas constant, acceleration of gravity, and a
conversion factor for feet or meters

Computation of the Velocity of Sound (VS) in Knots

VS
Pyp

e
1.4028

1.94254

\/1.4028 - Pyp/e - 1.94254
pressure (kPa)
density (g/cm®)

ratio of specific heat of air at constant pressure to that at constant
volume. Ref. p 292, SMT.

converts meters/second to knots

Computation of the Refractive Index (RD at Microwave Frequencies

RI =

P
e

TK

77.6P — 5.6e + 374808e/TK
TK

barometric pressure (mbars)

vapor pressure {mbars)

temperature (K)

Computation of the Refractive Index at Optical Frequencies (ORI

ORI

A

(77.6P/TK) + (0.584P/A’TK) — 0.06e

wavelength of light source (um) (normally 0.56u for sky background)
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P = barometric pressure (mbars)

TK

M

temperature (K)

e = vapor pressure (mbars)
2.7.17 Mixing Ratio

W = 622 [E/(P ~ E}]
where W = mixing ratio {g/kg)
E = vapor pressure (mbars)
P = pressure (mbars)

622

Ref. Smithsonian Meteorological Tables, saturation mixing ratio eguation,
1968, p 302.

2.7.18 Precipitable Water
itl
PW = (5/980.616) « 2 (Wi  + Wp - (P; — Piyy)
1

where PW = precipitable water

980.616 = acceleration of gravity (cm/s")
W = mixing ratio (g/kg)

P

pressure (rbars)

i = index ranging from the surface to the current level
2.8 Subreutine TITLE
2.8.!1 Computation of Ratio of Local Gravity to Gravity at 45°

The ratio of local gravity to gravity at 45° latitude {GRAT) is computed for those stations not
listed in the subroutine data statement (see Section 10.8 for those listed) using

GRAT = 1 — 0.0026373 - cos 2 La + 0.0000059 - cos® 2 La

fi

where La latitude of the station

0.0026373 | are constants found in Smithsonian Meteorological Tables 1951, p 488,
0.0000059 J equation 1.

This expression is developed using 980.616 cm/s® as the standard value of gravity at 45° latitude.
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2.9 Subroutine HED

None

210  Subroutine TABDAT

None

2.11  Subroutine INTERP

2.11.1 Computation of a Linear Altitude Ratio (RAT)

ZZy — HS

RAT = 77, — 77,
where ZZ; = altitude of the lower bounding level
ZZ, = altitude of the upper bounding level
HS = constant altitude desired for output

2.11.2 Linear Interpolation

Temperature, speed of sound, refractive index, dewpoint, relative humidity, absolute humidity, vapér
pressure, precipitable water, and the horizontal velocity components are linearly interpolated using
the equation

X = RAT [X; - X5] + Xy
where X = the interpolated value
X5 = the value at the upper bounding level
X = the value at the lower bounding level
RAT = linear altitude ratio
2.11.3  Interpolation of Pressure and Density

Pressure and density are interpolated logarithmically using

X = 10(RAT flog (X;) — log (X + log (Xz))

where the interpolated value

>
B
|

= the value at the upper bounding level
X; = the value at the lower bounding level
RAT = linear altitude ratio
Wind shear is computed by the function WDIRF at its WSPDF entry point using the interpolated

values of the horizontal velocity components as input. Wind shear direction is computed in the
same manner by the function WDIRF.

11
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2.11.4 Calculation of the Magnitude of Wind Shear (SHR)

The magnitude of wind shear is calculated using the equation

[(vx - VX' + (VY - Wpf]”’
AALT

SHR =

where VX & VY = velocity components (ft/s or m/s)

pr & VYp velocity components of previous levels (ft/s or m/s) -

AALT

difference between altitudes (fi or m)

2,12  Subroutine MAND

2.12.1 Computation of Logarithmic Pressure Ratio

log (P;) — log (Py)
P log (P) — log (Pj+q)

where Kp pressure ratio

P; = pressure of the lower bounding level (mbars)
Pis] = pressure of the upper bounding level {mbars)
P, = pressure of the standard constant pressure surface being selected

{mbars)
2.12.2  Interpolation of Dewpoint

Ty = Kp * (Tdiyy ~ Td) + Td;

where Td, interpolated dewpoint for mandatory level {°C)

Td; dewpoint of the upper bounding level (°C)

Td; = dewpoint of the lower bounding level (°C}
K

il

D logarithmic pressure ratio

2.12.3 Interpolation of Temperature

T =K - (T — T+ T

where Ty interpolated temperature for the mandatory level {(°C)

temnperature of the upper bounding level (°C)

12




2.12.4

where

2.12.5

where

2.12.6

where

where
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T; = temperature of the lower bounding level (°C)

K, = logarithmic pressure ratio
Interpolation of Relative Humidity
Rhm = Kp . (R'hi'i‘l — Rhy) + Rhi
Rh,, = interpolated relative humidity for the mandatory level (%)

Rhiy, = relative humidity of the upper bounding level (%)

Rh; = relative humidity of the lower bounding level (%)
Kp = logarithmic pressure ratio
Interpolation of Height

Hm = Kp - (Hi'i'l - Hi) + Hi

Hm = interpolated height for the mandatory level (ft)
H;iy = height of the upper bounding level (ft)
H; = height of the lower bounding level (ft)

-~
]

D logarithmic pressure ratio
Interpolation of X Wind Velocity

]

Vxo, interpolated X wind velocity for the mandatory level (kn)
Vxiy; = X wind velocity of the upper bounding level (kn)
Vx; = X wind velocity of the lower bounding level (kn)
Kp = |ogarithmic pressure ratio
Interpolation of Y Wind Velocity
Vim = Kp © (Wi — Vi) + VY
Vyp, = interpolated Y wind velocity for mandatory level (kn)
Vyi4+; = Y wind velocity of the upper bounding level (kn)

Vy; = Y wind velocity of the lower bounding level (kn)

)
Il

D logarithmic pressure ratio

13
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2.13  Subroutine SIG

2.13.1 Significant Relative Humidity Levei Check

AR = | R4 (TMy/— ™™y - (R, = Ry y
B B s ™, — TM T
where AR = resultant of the absoluie predicted and computed RH within 10%%

Rg = relarive humidity of the level being examined (%)
R, = relative humidity of the last significant level (%)
R; = relative humidity of the top level (%)

TM;= tme of the level being examined (s}

TM = time of the last significant level (s)

TM. = time of the top level (s)

K_ = significant relative humidity criteria value

2.13.2  Significant Temperature Level Check

. (TM!_ ™y - (I, - Ty _
|Tf’_ [TS N ( ™™, ~ T™ K

where AT = resultant of the absolute predicted temperature and computed temperature a:
temperature differential (°C)

AT

T, = temperature of the level being examined (°C)
Tg = temperature of the last significant level (°C)
T, = temperature of the top level (°C)

K; = significant temperature criteria value

-
=
il

time of the level being examined (5)
TM, = time of the last significant level (s)

TM; = time of the top level (s)
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3.0 GENERAL [INPUTS

Data input is on logical unit 3 and has a 40-character record size. The typical input has data records
at 60-second intervals for a 100-minute track. The format of the data is as follows:

1st line: TTTTT = test number can be more than one group but must contain 5 digits
2d line: ST MM DD YY TTTT AAAA

ST = station number
See Section 10.8 for a list of all stations in the program

MM = month of vear
DD = day of month

YY = vear
TTITT = time of balloon release
AAAA = ascension number numerically from 1st day of calendar year

3d line: surface calibration data
IE HHH DDD VV ThTh PPPP.PP

where I = type of sonde
3 = MSS
4 = AN/AMQ-9

E = type of clements
I = military
3 = Gold Line
HHH = altitude of station above MSL (geometric ft)

DDD = direction of surface wind (degrees from trie north)

VV = speed of surface wind (kn)
ThTh = tracker height (feet above station altitude)
PPPP.PP = release point pressure (mbars)

4th line; data begins here and continues until the rawinsonde observation is complete.

GGGG RRRRR EE.EE AAA.AA HHH.H TIT.T C

15
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where GGGG time {s)

RRRRR = slant range {meters)
EE.EE = elevation angle (degrees from horizontal)
AAA.AA = azimuth angle (degrees from true north)
HHH.H = relative humidity (%)
TTIT.T = temperature (°C)

C = 9 if a manually-selected significant level
= 5 if the data has been manually corrected ~
= blank if neither of the above apply

termination line:

999 ABCD
where 996 = termination indicator
ABCD = termination group

A 0 = complete observation
1 = incomplete observation

B 1 = obligated observation
2 = delaved obligated observation
3 = special observation

C  termination reason
1 = balloon burst
2 = failure of attachments
= ground equipment failure
= project limitation
= chart limitation {pressure)
= leaking balloon
= power failure (ground)
= forced down (icing)
D  type of observation
0 = Rawinsonde/Omegasonde (Met/Wind data)
1 = Rawin (Wind only)
2 = Windsonde (Wind only)
3 = RAOB (Met only)
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21 Operator Dialogue

The purpose of the operator’s input is to set the necessary constants and parameters for the desired
output information, and to set the units of the output to either metric or English. Questions on
the operator’s console may be answered through a control file specified by the operator or through
a terminal entry. The operator’s console is assigned logical unit 7 for output to the CRT and logical
unit 6§ for input from the keyboard.

The first question of the dialogue asks if the operator will use the program’s default options. The
default options are listed at the same time. If the answer is YES, ail subsequent dialogue is bypassed.
The output on the CRT is

USER DEFAULT OPTIONS--YES/NO 7

INTERPOLATED OUTPUT

1000 FOOT INCREMENT

OUTPUT IN FEET

SPEED IN KNOTS

MICROWAVE IR

DAYLIGHT RUN

MOTHER CORRECTION

SHEAR-—-/SEC

SIGNIFICANT CRITERIA
STANDARD 1 DEG C/10% RH

The second question asks if BLAST data is required. This is a special output to be used as input

to an acoustic-propagation program called BLAST. All units in this output are metric, the data

is uninterpolated, and the wind speed is output to the nearest 10th of a meter per second. In all

other output options, the wind-speed data is a whole number. The output on the CRT is
BLAST DATA REQUIRED--YES/NO ?

If the answer is YES, the next five questions are skipped.

The third question asks if interpolated output is required. If the answer is NO, the fourth question
(altitude increment) is skipped. The message on the CRT is

INTERPOLATED OUTPUT--YES/NO ?

The fourth question asks for the altitude increment desired on interpolated output data. The message
on the CRT is

ALTITUDE INCREMENT
XXXX

The fifth question asks if output will be in metric or English units. If the answer is metric units,
the next question (wind speed) is skipped since metric units (m/s) will be used. The message on
the CRT is

OQUTPUT UNITS--FEET/METERS ?

If the output is in English units, the sixth question asks if the speeds will be in knots or feet per
second. The default value in case of a NO answer is knots. The message on the CRT is

WIND SPEED IN FPS--YES/NO ?

The refractive index at microwave frequencies is the output normally desired. If it is desired in
opucal frequencies the answer to the seventh question is YES. The message on the CRT is

OPTICAL IR OUTPUT--YES/NO ?

17




RSRC 2

In determining the lag correction for the relative-humidity instrument, insolation error is compured
and used for a daytime run only. The eighth question asks if it is a daytime run. The message
on the CRT is

DAYLIGHT RUN--YES/NO ?

There are times when temperature and humidity lag corrections are not desired. The niath question
asks if these corrections will be made. The message on the CRT is

MOTHER CORRECTION--YES/NO ?

Wind shear is normally output in seconds™. If desired it may be output in knots per foot. The
10th question asks if this is desired. The message on the CRT is

SHEAR OUTPUT IN KTS--YES/NO ?

The !1th question asks to choose the significant data selection criteria. Answer *‘1"’ signifies standard
criteria will be used while ““2*’ signifies special criteria will be used. The message on the CRT is

SIGNIFICANT CRITERIA:
(1) STANDARD ] DEG C/10% RH
(2) SPECIAL 0.5 DEG C/5% RH

4.0 OUTPUT
4.1 Printer File
The printer file is assigned to logical unit 61. Its record size varies from 110 characters for the main

section of the outpur to 56 characters for the mandatory data. The main section of the output has
the following parameters:

Altitude m or ft (geometric)
Wind direction degrees

Wind speed kn or m/s or ft/s
Temperature *C

Dewpoint °C

Pressure mbars

Relative humidity %

Absolute humidity g/m’

Density g/m’

Refractive index microwave or optical (N units)
Velocity of sound kn or fi/s or m/s
Shear s or kn™'

Vapor pressure mbars

Precipitable water mni

At the end of this section are two lines of data. The first is the termination data which is the
termination altitude in geopotential feet and geopotential meters and the barometric pressure in
millibars. The second line is the tropopause data which is the height in geometric feet, barometric
pressure in millibars, temperature and dewpoint in degrees Celsius, and refractive index in N units.
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The mandatory section of the output has the following parameters:

Altitude

Wind direction
Wind speed
Temperature
Dewpoint
Pressure

Relative humidity

m or ft (geopotential)
degrees

kn or ft/s or m/s
°C

°C

mbars

%o

The significant data section of the output has the following parameters:

4.2

Altitude

Wind direction
Wind speed
Temperature
Dewpoint
Pressure
Refractive index
Relative humidity

Teletype file

m or ft (geometric)

degrees

kn or ft/s or m/s

e

°C

mbars

microwave or optical (N units)
o

The teletype file is assigned to logical unit 40. Its record size varies from 71 characters for the main
section of the output to 37 characters for the mandatory data. The main section of the output has
the following parameters:

Altitude

Wind direction
Wind speed
Temperature
Dewpoint
Pressure

Relative humidity
Absolute humidity
Density
Refractive index
Velocity of sound
Shear

Vapor pressure
Precipitable water

m or ft (geometric)
degrees

kn or m/s or fi/s
°C

°C

mbars

%

g/m’

g/m’

microwave or optical (N units)
kn or ft/s or m/s
s” or kn™

mbars

mm

At the end of this section are two lines of data. The first is the termination data which is the
termination altitude in geopotential feet and geopotential meters and the barometric pressure in
millibars. The second line is the tropopause data which is the height in geometric feet, barometric
pressure in millibars, temperature and dewpoint in degrees Celsius, and refractive index in N units.
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The mandatory section of the output has the following parameters:

Alitude m or ft (geopotential)
Wind direction degrees

Wind speed knoor ft/s or m/s
Temperature °C

Dew point °C

Pressure mbars

Relative humidity %o

The significant data section of the output has the following parameters:

Altitude m or ft (geometric) -
Wind direction degrees
Wind speed kn or ft/s or m/s
Temperature °C
Dewpoint °C
Pressure mbars
Refractive index microwave or optical (N units)
Relative humidity %o
43 Disk File

The disk file is assigned to logical unit 1. Its record size is 80 characters. The main section of the
ouiput has the following parameters:

Altitude m or ft (geometric)
Wind direction degrees

Wind speed kn or m/s or ft/s
Temperature °C

Dewpoint °C

Pressure mbars

Relative humidity o

Absolute humidity g/m’

Density g/m’

Refractive index microwave or optical (N units)
Velocity of sound kn or ft/s or m/s
Shear s or kn'

Vapor pressure mbars

Precipiiable water mim

At the end of rhis section are two lines of data. The first is the termination data which is the
termination altitude in geopotential feet and geopotential meters and the barometric pressure in
millibars. The second line is the tropopause data which is the height in geometric feet, barometric
pressure in millibars, temperature and dewpoint in degrees Celsius, and refractive index in N units,

20
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The mandatory section of the output has the following parameters:

Altitude

Wind direction
Wind speed
Temperature
Dewpoint
Pressure

Relative humidity

m or ft (geopotential)
degrees

kn or ft/s or m/s
°C

°C

mbars

o

The significant data section of the output has the following parameters:

44

Alrtitude

Wind direction
Wind speed
Temperature
Dewpoint
Pressure
Refractive index
Relative humidity

Intermediate Scratch File

m or ft (geometric)

degrees

kn or ft/s or m/s

°C

=C

mbars

microwave or optical (N units)
%

This unformatted file is assigned to logical unit 2. Its record size is 17 words. This file is created

in subroutine COMPUT and is used in subroutines TABDAT and MAND. This file has the following

parameters:

Time
East-west position component

North-south position component

Geometric height
Geopotential height
Pressure '
Logarithm of pressure
Temperature
Dewpoint

Relative humidity
Absolute humidity
Density

Velocity of sound
Refractive index
Significant level flag
Vapor pressure
Precipitable water

ft or m
ft or m
ft or m
ft orm
mbars

°C

°C

%

g/m’

g/m’

kn or ft/s or m/s

microwave or optical (N units)

mbars
mm
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5.0 DATA BASE
Not applicable
6.0 ~ PROCESSING
6.1 Module Configuration
6.1.1 Directory of Program Units for RSRC
7 COMPUT 11 INTERP 13 SIG 6 TRHC 3 WIND
5 FORM 12 MAND 10 TABDAT 4 TSIGN 2 WSPDF
9 HED 1 RSRC § TITLE 2 WDIRF
13 ROUTINES, 14 ENTRY POINTS ON FILE RSRC2
6.1.2 Cross Reference of Internal Program Units
1 PROGRAM RSRC
COMMON: A DATAID HEAD NIG SFC
CALLS: COMPUT ENDRUN HED D MAND SIG
TABDAT TITLE
2 FUNCTION  WDIRF
ENTRY POINTS: WDIRF  WSPDF
CALLED FROM: INTERP MAND SIG

3 SUBRCOUTINE WIND
CALLED FROM: TABDAT

4 SUBROUTENE TSIGN
CALLED FROM: FORM MAND SIG

5 SUBROUTINE FORM

COMMON: A HEAD
CALLED FROM: INTERP  TABDAT
CALLS: TSIGN

6 SUBROUTINE TRHC
COMMON: NIG
CALLED FROM: COMPUT

SUBROUTINE COMPUT

1

COMMON: SFC DATAID
CALLED FROM: RSRC
CALLS: TRHC

8 SUBROUTINE TITLE
COMMON: SFC
CALLED FROM: RSRC




10

11

12

13

6.1.3 Cross Reference of External Program Units

SUBROUTINE HED
COMMON: A
CALLED FROM: RSRC

SUBROUTINE TABDAT
COMMON: SIG

CALLED FROM: RSRC
CALLS: FORM

SUBROUTINE INTERP
COMMON: A

CALLED FROM: TABDAT

CALLS: FORM

SUBROUTINE MAND

COMMON: MAND
CALLED FROM: RSRC
CALLS: TSIGN

SUBROUTINE SIG
COMMON: MAND
CALLED FROM: RSRC
CALLS: TSIGN

~TTRNAT CNF TIN

RSRC 2

INTERP

WDIRF

SIG

WDIRF

SIG

WDIRF

WIND

WSPDF

WSPDF

WSPDF
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6.1.5 Tree Diagrams for Program .

0 RSRC
I COMPUT
2 TRHC
1 HED
I MAND
2 TSIGN
2 WDIRF
2 WSPDF
I SIG
2 TSIGN
2 WDIRF
2 WSPDF
1 TABDAT
2 FORM
3 TSIGN
2 INTERP
3 FORM
4 TSIGN
WDIRF
WSPDF
2 WIND
| TITLE

L

6.2 Description of Individual Modules .
6.2.1 Program RSRC

Language: FORTRAN V

Programmer: R. E. Walters

Date: 6 May 1986
6.2.1.1 Function Description

Accepts reduction parameters input by the operator, initializes the program control constants, and
initializes the output column headings.

6.2.1.2 Interface

IN ORIGIN  UNITS
RAD /A degrees
XINE SAS constant
ouT
DALT A/ ft or m
10 Argument flag
IP fA/ flag
ISIG Argument flag
KSwi /A flag
KSW3 /A flag
KSW3 Iy-v4 flag
KSW6 /A7 flag

NAME  Argument Hollerith

24



6.2.1.3

6.2.1.4

RSRC 2

L'NITS
Hollerith
Hollerith
Hollerith
ft or m

geopotential m/K or geopotential ft/K
flag

ft or m

m/ft

ft/s/kn or m/s/kn

kn or ft/s or dimensionless

operator dialogue variable
flag for temperature and humidity lag correction

flag for standard or special significant level output criteria
loop termination counter

program name .

beginning teletype function and tape leader

ending teletype function

height of the tracker antenna above ground level (ft)

Define computation and conversion constants.
Call the computational and I/0O subroutines.

ORIGIN

NNA A/
NWDD A/
NWWD /A/
SIGLH A/

IN/OUT
HV /A/
DAY /NIG/
RA /A
SF /A
SFC A/
wC A/

Internal Variables

| Integer

10 Integer

ISIG Integer

ITERM Integer

NANIE Integer

PTBEG Real

PTEND Real

TRKHGT Real

Algorithm

1. Assign default options.

2. Read user options.

3. Write paper-tape header if needed.

4,

5.

6.

Write paper-tape end function if needed.

25
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6.2.1.5 Flowchart

GTAAT

SET PROGRAM
CONTRAL
DEFAULTS

! |

USE
DEFAULT

CONTROLS
K

CarL
1ABDAT

BLAST
OR QPTICAL
IR QUTPUT
?

READ
PRGGRAM
CONRTROL FLAGS

¥

SET QUTPLY
CONVERSION CAlLL
CONSTANTS RSTPLD
v k 2
SET HEADIWNG
VARIABLES CALL
ENORUN
‘
Y
CALL
TITLE STOP

{e]

-

CAtl
COMPUT

JU

EALL
HED
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6.2.2 Function WDIRF

RSRC 2

Language: FORTRAN V
Programmer: R. E. Walters
Date: 6 May 1986

6.2.2.1 Function Description

Computes the direction or speed of the wind from the orthogonal components of the wind computed

in subroutine WIND.

6.2.2.2 Interface

IN
X
Y
ouT
WDIRF
WSPDF

6.2.2.3 Internal Variables
D
WDIRF
WSPDF
X

Y

6.2.2.4 Algorithm

Direction

ORIGIN
Parameter
Parameter

function name
function name

Real
Real
Real
Real

Real

UNITS
ft/s or m/s
ft/s or m/s

degrees
ft/s or m/s

Cartesian wind direction (degrees)
meteorological wind direction (degrees)
wind speed (ft/s or m/s)

cast-west wind velocity component (ft/s or
m./s}

north-south wind velocity component (ft/s
or m/s)

I. Determine if input data is missing data and assign ‘‘missing’”’ to output if

required.

2. Determine if the east-west component is zero. If so, determine north or south
direction and assign value.
3. If east-west component is not zero compute direction.

Speed

1. Determine if input data is missing data and assign ‘“missing” to output if

required.

2. If not missing data, compute speed.
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6.2.2.5 Flowchart

RSRC 2

CALCULATE
WIND
DIRECTION

CALCULATE
WIND
SPEED

RETURAN




623 Subrountine WIND

Language: FORTRAN V
Programmer: R. E. Walters
Date: 6 May 1986

6.2.3.1 Function Description

RSRC 2

Computes the east-west (VX) and north-south (VY) velocity components between positions.

6.23.2 Interface

IN
GG
XX
YY
ouT
VX
VY
IN/OUT
XINE

6.2.3.3 Internal Variables

GG
VX

VY

WDSW

XINE

6.2.3.4 Algorithm

ORIGIN
Parameter
Parameter
Parameter

Parameter
Parameter

Parameter

Real
Real

Real

Real

Real
Real
Real

UNITS
s

ft or m
ft or m

ft/s or m/s
ft/s or m/s

no units

elapsed time in seconds

east-west wind velocity component {ft/s or
m/s)

north-south wind velocity component (ft/s or
m/s)

flag — 0.0 = data interval greater than 30
seconds

data interval less than or equal
to 30 seconds

constant for missing data

east-west position component (ft or m)
north-south position component (ft or m)

1.0

1. Determine if data interval is 30 seconds or less.
2. Determine if missing data.
3. Compute velocity components or assign missing data flag.
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6.2.3.5 Flowchart

Y

COMPUTE
WIND VELOCITY
COMPONENTS
(30 SEC DATA}

POSITION
DATA MISSING
2

RSRC 2

START

SET
FLAG TO
-1

Y

¥

SET WIND
VELOCITY
COMPONENTS
TO MISSING

COMPUTE
WIND VELOCITY
COMPONENTS
60 SEC DATA)

RETURN

Y

SET WIND
VELOCITY
COMPONENTS
TO MISSING
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6.2.4 Suobroutine TSIGN

Language: FORTRAN V
Programmer: R. E. Walters
Date: 6 May 1986

6.2.4.1 Function Description

Converts decimal to positive or negative character.

6.2.4.2 Interface

OUT ORIGIN UNITS
K Parameter °C in tenths
I Parameter *C

6.2.4.3 Internal Variables

I Integer input — temperature times 10 (°C)

output — absolute value of temperature (°C)
II Integer temperature (°C)
K Integer tenths value of temperature (°C)

6.2.4.4 Algorithm

1.

Determine if positive or negative temperature.

2. Compute whole value of temperature.

3.

Compute tenths value of temperature and convert to proper character value.

3




6.2.45 Flowchart

RSRC 2

START

BRING
DATA IN

:

CONVERT DECIMAL
TO + OR -
INTEGER

!

RIGHT DR LEFT
JUSTIFY NUMBER

:

RETURN TQ
CALLING ROUTINE
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. 6.2.5 Subroutine FORM

Language: FORTRAN V
Programmer: R. E. Walters
Date: 6 May 1986

6.2.5.1 Function Description

Examines the output data for possible errors in wind and temperature; outputs these errors to the
CRT; outputs the tabulated data to the printer and disk files.

6.2.5.2 Interface

IN ORIGIN UNITS
DALT /A ft or m
ID1 Argument alphanumeric
IP /A/ flag
IPAGE /HEAD/ flag
IT1 Argument alphanumeric
KSW5 /A flag
KSWé /AS flag
SFC /A ft/s/kn or m/s/kn

IN/OUT

. ABSH A/ g/cm’

E 7-v4 mbars

HEADI /HEAD/ alphanumeric
HEAD2 /HEAD/ aiphanumeric

ID Argument °C

JT Argument °C

P FAS mbars

PW /A mm

RH /A L)

RI /A N units

SHR /A s

T /AS °C

TD /A °C

VS /A kn, ft/s or m/s
VX1 /A degrees from true north
VY1 /A kn, ft/s or m/s
Z /A m or ft

6.2.5.3 Internal Variables

I Integer loop counter
1B Integer absolute humidity times 100 (g/cm®)
ID Integer dewpoint times 10 (°C)
. ID1 Integer dewpoint temperature-coded tenths value (°C)
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IPAGE Integer output line counter

ITi Integer temperature-coded tenths value (°C)
JT Integer temperature times 10 (°C)

LP Integer pressure times 100 {mbars)

LS Integer density times 100 (g/cm™)

TEP Real temperature (°C) previous fevel
THR Real shear converted to knots

TLAP Real temperature lapse rate (°C)

6.2.5.4 Algorithm

34

1.

b ol

I

Determine if new page heading is needed on printer file and ourput heading as
required.

Compute shear in knots.

Convert speed of sound if required.

Determine data format to printer and output a data line.

Determine if output quality control checks are to be performed. If so

a. Check temperature lapse rate and output a warning to the CRT as required.
b. Check wind shear and output a warning to the CRT as required.

Encode temperatures and dewpoints for output to ithe disk file.

Determine data format to disk file and teletype, and output a data line.




6.2.55.1

Flowchart

START

f

CONVERT VELOC:TY
QF 30uND TO
PROPER UNIT3

'

SHEAR KD

RSRC 2

IN KNOTS
¥

CONVERT SHEAR
TQ KNQTS

Y

VRITE ;
OUTPUT TO

WRITE BLAST
OUTPUT TO
PRINTER

WRITE
QUTPUT 70
PRINTER

!

INCREMENT

PRINTER

NO

CHECK
SHEAR AND

WRITE
MESSAGE TO
CRT

WRITE
MESSAGE TO
CRT

LAPSE RATE

?

A

L NE COUNTER

WR:TE
NEW PAGE
HEADINGS TO
PRINTER

RESET
LiNE COUNTFR

f




6.25.5.2 Flowchart

SET PRESSURE,
ABSOLUTE HUMIBITY,
OENSITY, TEMPERATURE
DEWPOINT INTO
INTEGER FORMAT

CALL
TSIGN

SHEAR YES

RSRC 2

Y

IN KNOTS
?

SLAST YES

ENCOOE
Quieuy

QuTPUT
?

 J

ENCOBE
BLAST
QuTPUT

ENCOBE
ouTPUT

WERITE
DATA TO

\DISK FILE

RETURN




6.2.6  Subroutine TRHC

RSRC 2

Language: FORTRAN V
Programmer: R. E. Walters
Date: 6 May 1986

6.2.6.1 Function Description

Corrects the temperature for response lag. Corrects the relative humidity for thermal and response lag.

6.2.6.2 Interface

IN
IDAY
DEN
G
GP
TCP
T
TP
R
ISW60
P
IELE
ouT
TC
RC

6.2.6.3 Internal Variables

COR
DELTIN
DEN
DG
EX

G
GP
ICHK
IELE
ISW60

LAMDA

ORIGIN
/NIG/
Parameter
Parameter
Parameter
Parameter
Parameter
Parameter
Parameter
Parameter
Parameter
Parameter

Parameter
Parameter

Real
Real
Real
Real
Real

Real
Real
Integer
Integer
Integer

Real

Real
Real

UNITS
flag
g/cm’
5

S

°C

°C

°C

%

flag
mbars
flag

°C
%

vapor pressure ratio {dimensionless)
insolation error (°C)

logarithm of density

time interval between data levels (s)
intermediate variable used in computing
corrected temperature and substrate
temperature

time of the dzta level (s)

time of the previous data level (s)

flag indicating initial entry into subroutine
flag indicating a rod or bead thermistor
flag indicating that the temperature has or
has not gotten colder than —60°C
intermediate variable used in computing
corrected temperature and substrate
temperature

temperature lapse rate (°C)

pressure (mbars)
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R
RC
RHO
T
TC
TCP
TP
TS
TSD

RSP
v

6.2.6.4 Algorithm

38

ot

TORE N L AW

Real
Real
Real
Real
Real
Real
Real
Real
Real

Real
Real

RSRC 2

uncorrected relative humidity (%)
corrected relative humidity (%)

density in g/cm’ divided by 1000
uncorrected temperature {(°C)

corrected temperature (*C)

previous level corrected iemperature (*C)
previous level uncorrecied temperature (°C)
substraie temperature (°C)

substrate temperature corrected for insolation
error (°C)

substrate temperature, previous level (°C)
ventilation velocity (ft/s)

Check for first call and seci flag and variabie.
Compute time difference between levels.

Compute time constasit for the rod thermistor.
Compute corrected temperature for the rod thermistor.
Check if relative humidity is to be corrected. Return if not.
Compute temperature lapse rate.

Compute hygristor substrate temperature time consiant
Compute temperature of the hygristor substrate.
Correct substrate temperature for insolation error.
Compute the ratio of vapor pressure.

Compute corrected relative humidity.




6.2,6.5 Flowchart
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RSRC 2
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Y

COMPUTE
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COMPUTE
TEMPERATURE
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]

Y

COMPUTE
TEMPERATURE
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COMPUTE
CORRECTED
TEMPERATURE

TEMPERATURE
< -60
?

RETURN

NO

COMPUTE
CORRECTED
SUBSTRATE

TEMPERATURE

YES

COMPUTE
INSOLATION
ERROR

\d

COMPUTE
RATIO OF
VAPOR
PRESSURES

Y

COMPUTE

RELATIVE

HUMIDITY
TME CONSTANT

¥

COMPUTE
CORRECTED
RELATIVE
HUMIDITY

RETURN




6.2.7 Subroutine COMPUT

RSRC 2

Language: FORTRAN V
Programmer: R. E. Walters
Date: 6 May 1986

6.2.7.1 Function Description

Processes each data level, and writes the information to the intermediate data file.

6.2.7.2 Interface

IN
GRAT
HA
HV
[ELE
IO

RC
TC
TRKHGT
OouT
ABSH
DEN
DLOG
EE
HH
ISL
ITHK

PLGG
PR
PWA
RFI
TDEW
UABS
Uy
VSN

YY

ZZ
IN/OUT

RH

ORIGIN
FAS
/AS
/A
/A

Parameter
/AS
/AS

Argument

Argument

Parameter

vy
A/
A/
. v
A/
/A
/A
/AL
/A
g v
/A
/AS
/A
. v4
A/
A/
fA/
A/
/A

/A
JA/

UNITS

geopotential fi/geometric fi
ft or m

geopotential m/K or geopotential ft/K
flag

flag

ft or m

degrees per radian

%

=C

ft orm

g/cm’
no units
no units
mbars
ft or m
flag

no units

" mbars

no units
mbars
mm

N units
°C
g/cm’
L)

kn

ft or m
ft or m
ft orm

%
°C




. 6.2.7.3 Internal Variables

AZ
DF
DT
EC

EL
) ELC

ELOG
) G
GA

GB
GC

GP
HGTP
I

IO

® :
ISW60

KI

ORI

PP
PPRLG
PRLG
RC
REAS

RIS
RNG

TC
TK
TP1

TRKHGT
TS

TV

TVP

@ "

Real
Real
Real
Real

Real
Real

Real
Real
Real

Real
Real

Real
Real
Integer
Integer

Integer
Integer

Integer
Real
Real
Real
Real
Real
Real

Real
Real
Real
Real
Real
Real

Real
Real
Real
Real
Real
Real

RSRC 2

azimuth {degrees from true north)

relative humidity (%)

temperature (°C)

elevation angle corrected for refractive index
and Earth’s curvature (degrees)

uncorrected elevation angle (degrees)

elevation angle corrected for refractive index
(degrees)

logarithm of vapor pressure

elapsed time from release (s)

elapsed time from release — base time sent to
line function SMOOF (s)

elapsed time from release — data level time
sent to line function SMOOF (s)

elapsed time from release — upper level time
sent to line function SMOOF (s)

time of previous data level (s)

geopotential height of the previous level (ft or m)
loop counter

flag — temperature and humidity lag correction
— vyes/no

manually chosen significant level flag.

flag indicating that the temperature has or has
not gotten colder than —60°C,

index to working arrays

optical refractive index (N units)

previous pressure level {mbars)

logarithm of previous pressure

logarithm of pressure

corrected relative humidity (%)

height of the instrument from the center of the
Earth (ft)

refractive index at the surface (N units)

slant range (ft)

radius of the Earth {ft)

corrected temperature (°C)

absolute temperature (K)

uncorrected temperature of the previous level
O

height of the tracker (ft)

corrected temperature of the previous level (°C})
virtual temperature (°C)

virtual temperature of the previous level (°C)
mixing ratio

mixing ratio of the previous level

4}
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X Real easi-west position component (ft or m)

XA Real position component sent to line-function
SMOOF, lower data level (ft or m)

XB Real position component sent to line-function
SMOOQF, data level to be smoothed ({ft or m)

XC Real position component sent to [ine-function
SMOOQF, upper-data level (ft or m)

Y Real north-south position component (ft or m)

ZpP Real geometric heighi of the previous level (ft or m)

6.2.7.4 Algorithm

42

1.

Vo

[P

S AR o

Read input data

a. If not end of data, convert data to computational units.

b. If it is end of data, store termination reason and exit routine.

Mazke temperature and relative humidity lag corrections.

Compute vapor pressure, mixing ratio, dewpoint, and absolute humidity.
Correct elevation angle for refractive index.

Compute geometric height, geopotential height, pressure, virtual temperature, and
precipitable water.

Correct elevation angle for Earth’s curvature.

Compute position components, density, velocity of sound, and refractive index.
Decrement working variables.

Write computed data to the scratch file,

Smooth position components.

Decrement stored variables and return to the read statement.
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. 62751 Flowchart
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CCRRECTION
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2
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|
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6.2.75.2 Flowchart
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. 6.2.7.53 Flowchart

CORRELT SET
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¥
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'
CORRECT

COMPUTE :
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ANGLE FOR
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COMPUTE
X AND Y
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¥

END FILE
SCRATEH
FILE

RETURN




6.2.8 Subroutine TITLE

Language:
Programmer:

Date:

RSRC 2

FORTRAN V
R. E. Walters
6 May 1986

6.2.8.1 Function Description

Reads the numerically coded input identification data and searches through tables in the program
for corresponding plain-language sounding identification information which is then printed by an
output device. The program selects the appropriate geomeiric-geopotential conversion constants 1o
be used in sounding computations from a tabular listing for selected stations.

Reads the record containing the instrument and surface data. Converts surface height to geopotential
height. Computes velocity components of the surface winds. Stores data in working variables.

6.2.8.2 Interface

IN

ouT

IN/OUT

ASC
DIR

RAD
SF
SFC
SPD
W

GRAT
S5V

SY
TRKHGT
VX
VXHP
VX1

VY
VYHP
VYl

HA
HGT
IELE
ITYPE
KSWS5

TEST
TIME

ORIGIN
Input data
Input data
/A7
/A
/AS
/A
Input data
/AS

SAS
/A/
/AS
Parameter
/A
A/
/A
/AS
/A
/A/
FA/

/AS
FA/
/A
A/
/A
/AS
Input data
Input data

UNITS

no units

degrees from true north
ft or m

degrees per radian

m/ft

fi/s/kn or m/s/kn

kn

kn/ft/s or dimensionless

geopotential ft /geometric ft
ft or m

ft or m

ft

ft or
ft or
ft or
ft or
ft or
ft or
ft or

38988883

ft or
ft or
flag
flag
flag
mbars
no units
hr and min

g 3




1DX
MON
iDA
IYR
LAT

6.2.8.3 Internal Variables

ASC
DIR

GRATE
[

IDA
IDX
IYR

[z

J

L

LAT
MON
MTH
SPD
TEMPS
TEST
TIME
TRKHGT
WiD
XID

6.2.8.4 Algorithm

n o L R e
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Input data
Input data
Input data
Input data
Input data

Real
Rea!

Real
Integer
Integer
Integer
Integer
Integer
Integer
Integer

Real
Integer
Integer

Real

Real

Real
Integer

Real
Integer
integer

no units
no units
no units
NoO units
degrees

ascent number

surface-wind direction (degrees from true
north)

array of gravitational constants
do ioop counter

day of release

station identifier

vear of release

array of station identifiers

do loop counter

array index

station latitude (degrees)
month of release

array of months of the year
surface-wind speed (ft/s or m/s)
femporary input array

test number

time of release (hr and min)
height of the tracker (ft)
instrument identifiers

array of station locations

Pead test number and station identification lines.
Determine station gravitational constant.

Read initialization data.

Define injtial computational variables.

Write title data to the printer, teletype, and disk files.
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6.2.8.5 Flowchart

START

Y

READ
TEST
NUMBER

¥
READ STATION
AND
DATE/TIME
DATA

STATION

LISTED
?

g

READ
STATION
NAME

L. ¥
COMPUTE

GRAVITY
RATIO

Y
READ

SURFACE=

BASELINE
DATA

Y

COMPUTE
SURFACE~
GEOPOTENTIAL
HEIGHT

RSRC 2
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COMPUTE
SURFACE =
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CUTPUT
TITLE
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RETURN




6.2.9 Subroutine HED

RSRC 2

Language: FORTRAN V
Programmer: R. E. Walters
Date: 6 May 1986

6.2.9.1 Function Description

Qutputs column headings for tabular data.

6.2.9.2 Interface

IN
P
KSW1
KSws
KSW6
OuT
[HEADI1
IHEAD2

6.2.9.3 Internal Vartables

IALT
IP

IR
ISHR
ISPD
KSW1
KSW35
KSwé

6.2.9.4 Algorithm

L e W R e

ORIGIN
Parameter
Parameter
Parameter
Parameter

/IHEAD/
/IHEAD/

Integer
Integer
Integer
Integer
Integer
Integer
Integer
Integer

Define column-heading variables.
Output column headings to printer file.
Encode column headings to holding arrays.
Output column headings to disk file.
Output column headings to teletype file.

UNITS
flag
flag
flag
flag

alphanumeric
alphanumeric

column title — altitude

flag — ft or m output
column title — refractive index
column title — shear

column title — wind-speed
flag — wind-speed units

— mi Optical-refractive index
flag microwave or Optical-refract d

flag — shear umnits

49




6.2.95 Flowchart
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6.2.10 Subroutine TABDAT

Language: FORTRAN V
Programmer: R. E. Walters
Date: 6 May 1986

6.2.10.1 Function Description

Reads the intermediate data file and selects the tropopause and termination data.

6.2.10.2 Interface

IN ORIGIN UNITS

P IAS flag

KSwW1 A/ flag

KSW3 A/ flag

NNA /A/ alphanumeric

XINE y-v no units
ouT

ABSH /A/ g/cm’

E /A/ mbars

NWDD /A alphanumeric

NWWD /A/ alphanumeric

P A/ mbars

PW /A/ mm

RH A/ o

RI /A N units

SIGLH A/ ft

T /A °C

TD A/ °C

VS ’A/ kn or ft/s or m/s

VXA /SIG/ ft/s or m/s

VYA /SI1G/ ft/s or m/s

Z A/ ft or m

DEN /A g/cm’
IN/OUT

DLOG A/ o units

EE /IA/ mbars

GG IAS 3

HH /A geopotential ft or geopotential m

ITHK IA/ no units

iSL /A/ flag

PLOG A/

PWA /AS mm

PR /AS mbars

RFI /AS N units

TDEW A/ °C

re A/ °C
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IN ORIGIN UNITS
UABS /AS g/cm’
Uy FA/ o
VSN /A kn or fi/s or m/s
VX 7.V ft/s or m/s
VY A/ ft/s or m/s
XX yy-v4 ft or m
YY Fy-v ft or m
ZZ ra/ ft orm

6.2.10.3 Internal Variables

BASESW Real flag — indicates if check for tropopause has
started

CN1 Real Lapse rate consiant for tropopause checking
G

CN2 Real maximum laver thickness over which
tropopause is checked (ft or m)

DBA Real dewpoint at the tropopause (°C)

DHT Real Delta height for tropopause checking {ft or m)

HBA Real altitude of the tropopause {ft or m)

I Integer do loop counter

IDSW Integer flag — used to check for end of data

INX Integer flag — used to check for end of data

ITERM Integer flag — end of data

J Integer data arrays index

K integer data arrays index

PBA Real pressure at ihe tropopause (mbars)

RBA Real refractive index at the tropopause (N units)

TBA Real temperature at the tropopause (°C}

TROPSW Real flag — indicating tropopause has been found

XHGT Real termination altitude (f1)

ZHGT Real termination altitude (m)

6.2.10.4 Algorithm

Initialize arrays, control-variables, and output-variables.
Read in the first six data points.

Output surface data.

Compute wind velocity components.

Check for tropopause and assign values if found.

Call interpolation routine to interpolate for output.
Decrement storage values.

Read another line of data if termination has not been reached and branch to
item 4 above.

If termination has been reached, output last data lines.
Write termination and tropopause data to output files.

e i ol

._.
ow
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Flowchart

START

READ
FIRST SiX
DATA
LEVELS

DECREMENT
WORKING
ARRAYS

y

CALL FORM

\
QUTPUT
SURFACE DATA

1

4

LAST
LEVEL READ

READ
DATA LEVEL

TROPOPAUSE
SELECTED

NO

TROPOPAUSE
LEVEL
?

SET

DATA LEVEL
QUTPUT

TROPOPAUSE
LEVEL

OUTPUT
TERMINATION
DATA

Y

A J

CALL OUTPUT
INTERP TROPOPAUSE
DATA

i
@ RETURN

n

(V]
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6.2.11  Subrontine INTERP

Language: FORTRAN V
Programmer: R. E. Walters
Date: 6 May 1986

6.2.11.1 Function Description

Calculates wind shear and interpolates at selected output levels.

6.2.11.2 Interface

IN ORIGIN UNITS
DALT I7-v4 ft or m
DLOG /A no units
EE /A mbars
HS A/ ft orm
KSW3 /A flag
PLOG /AS no units
PWA /A mm
RFI /AS N units
TDEW /A °C
TP /A °C
UABS /A7 g/cm’
(81 0] /A %
VSN A/ kn or ft/s or m/s
VX A/ ft/s or m/s
VXHP /A ft/s or m/s
VY /AS ft/s or m/s
VYHP /A ft/s or m/s
wC /A kn/ft/s or dimensionless
XINE A no units
ZZ A/ ft or m

ouT
ABSH /AS g/cm’
DEN /A/ g/cm’
E A/ mbars
P /A/ mbars
PW /A mm
RH A/ g
RI A/ N units
SHR A/ 5!
T A/ °C
TD /AS °C
Vs FAS kn or ft/s or m/s
VX1 A/ degrees from true north
VY1 /A kn or ft/s or m/s
z FAS ft or m
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6.2.11.3 Internal Variables

AVX

AVY

RAT
VXH

VYH

6.2.11.4 Algorithm

Oyt B b=

Real

Real

Real
Real

Real

RSRC 2

change in the east-west velocity component over the
output interval {ft/s or m/s)

change in the north-south velocity component over the
output interval {ft/s or m/s)

interpolation ratio

east-west velocity component of the interpolated level
(ft/s or m/s)

north-south velocity component of the interpolated
level (ft/s or m/s)

Check for the no-interpolation flag.
Check for correct levels to interpolate.
Compute an interpolation ratio.

Interpolate for output data.

Compute wind shear.
Check for missing data and assign output variables accordingly.
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6.2.11.5 Flowchart

START

RSRC 2

]
m—
-

WANT
CONSTANT ALT
CUTPUT 7

HETURN

PHEPARE SET WIND
LEVEL 2 FARAMETERS
EOR OUTPUT MISSING ? TO MISSING
DESIRED
ALT BETWEEN RETURN
LEVELS?
COMPUTE LINEAR
ALT RATIO, TEMP, PREVIDUS X0
PRESS., DENSITY VEL COMP
SPEED OF SOUND MISSING 1
10R
SET SET
cae 151,08 sHER 1o
WISSIN TD = MISSING MISSING
r ]
COMPUTE
DEW PT TEMP COMPUTE
RH ABS (RH) SPEED AND
VAPQR PRESSURE DIRECTION
PRECIP WATER
CALL
FORM
i
h 4
INCREMENT
COMPUTE HEIGHT
VELDCITY
COMPONENT




6.2.12 Subroutine MAND
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Language: FORTRAN V
Programmer: R. E. Walters
Date: 6 May 1986

6.2.12.1 Function Description

Interpolates and outputs mandatory constant pressure levels.

6.2.12.2 Interface

IN
IT1
D1
KSW1
KSW3
P
XINE
wC
ouUT
ITERM
IN/OUT
G
H
HUM
ID
JT
P
PLOG
RF1
SL
T
TD
VXA
VYA
Z

6.2.12.3 Internal Variables

DLOG
DOUT

EE

HOUT
HUMOUT
I

ID

ORIGIN
Argument
Argument
Parameter
Parameter
Parameter
Parameter
Parameter

Parameter

/MAND/
MAND/
/MAND/
Argument
Argument
/MAND/
/MAND/
/MAND/
/MAND/
/MAND/
/MAND/
/S1G/
/S1G/
/MAND/

Real
Real
Real
Real
Real
Integer
Integer

UNITS

alphanumeric
alphanumeric

flag

flag

flag

no units

kn/ft/s or dimensionless

flag

5
geopotential ft or m
%

°C

°C

mbars

No umnits

N units

flag

°C

°C

ft/s or m/s

ft/s or m/s

ft or m

logarithm of density

wind direction (degrees from true north)
vapor pressure (mbars)

altitude (geopotential ft)

relative hurnidity (%)

do loop control index

dewpoint (°C)
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ID1

P
[TERM
IT1

T
KSWI
KSW5
LP
MH
NH
NM

PMAN
PWA
RAT
SOUT
TDOUT
TOUT
UABS
VSN
WwC

XINE

YY

6.2.12.4 Algorithm

58

B

Set up column headings.

RSRC 2

Integer

Integer
Integer
integer

Integer
Integer
Integer
Integer
Integer
Integer
Integer
Integer
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real

Read data from scratch file
Interpolate at mandatory pressure levels.

Output daia.

tenths value of dewpoint in character
format

flag — ft or m output

flag — end of daia

tenths value of temperature in character
format

temperature (°C)

flag — wind speed units

flag — index of refraction units
pressure {mbars)

column title — altitude

column title — altitude

array index counter

column title — wind speed

array of mandatory pressures {(mbars)
precipitable water {mm)

interpolation ratio

wind speed (kn or ft/s or m/s)
dewpoint {°C)

temperature (°C)

absolute humidity (g/cm’)

velocity of sound (kn or ft/s or m/s)
conversion constant for wind speed
east-west position component (ft or m)
flag — missing data

east-west velocity component {ft/s or m/s)
North-south position component (ft or m)
North-south velocity component (ft/s or
m/s}




6.2.12.3 Flowchart

START

Y

SET
COLUMN
HEADING

VARIABLES

f
READ DATA
INTO
WORKING
ARRAYS

IA

RSRC 2

<
Y
COMPUTE

INTERPOLATION
RATIO

Y

INTERPOLATE
FOR
MANDATORY DATA
LEVEL

WRITE
DATA TO
PRINTER
FILE /

. OPTICAL
iR
QUTRUT

WRITE
DATA TO
PAPER TAPE
FILE

CALL
TSIGN

WRITE
DATA TO
DISK FILE

RETURN




6.2.13  Sobroutine SIG

" RSRC 2

Language: FORTRAN V
Programmer: R. E. Walters
Date: 6 May 1986
6.2.13.1 Function Description
Selects and outputs significant levels,
6.2.13.2 Interface
IN ORIGIN
SIGLH Parameter
ITERM Parameter
[SIG Parameter
WC Parameter
KSW1 Parameter
KSWs Parameter
1P Parameter
IN/OUT
G /MAND/
H /MAND/
HUM /MAND/
P /MAND/
PLOG /MAND/
RFI /MANDY/
SL /MAND/
T /MANDY/
D /MAND/
VXA /SIG/
VYA /SIG/
Z /MAND/
6.2.13.3 Intermal Variables
HMAX Real
HMIN Real
HSIG Real
[ Integer
IP Integer
IRN Integer
ISIG Integer
ITERM Integer
TWMAXL Integer

LINITS

ft or m

flag

flag

kn/ft/s or dimensionless
flag

flag

flag

5
ft or m

T

mbars

no units

N units

flag

°C

°C

fi/s or m/s
ft/s or m/s
ft or m

relative humidity (Ye)

relative humidity (%)

computed factor for determining significant
relative humidity data

do loop index

flag — ft or m output

column title — refractive index

flag — standard or special significant data
criteria

flag — end of data

maximum wind index for levels below 100
mbars
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IWMAXU Integer maximum wind index for levels above 100
mbars

J Integer do loop index

ID Integer dewpoint (°C)

D1 Integer dewpoint — tenths value in character
formai

IVAX integer maximurmn relative humidity index

JMIN [nteger minimum reiative humidity index

JT Integer temperature (*C)

JT1 Integer temperature — tenths value in character
format

K Inieger do loop index

KMAX Integer maximum temperature index

KMIN Integer minimum temperature index

KSwWi Integer flag — wind speed units

KSW3 Integer flag — index of refraction

K40 Integer index — significant level at —40°C

LP Integer barometric pressure times 100 — mbars

MH Integer colump title — altitude

NH Integer column title — altitude

NS Integer column title — wind speed

RHCON Real constant for determining significant relative
humidity data .

SIGHUM Real relative humidity of the last significant level
chose by the relative humidity algorithm
(%)

SIGLH Real altitude of the tropopause (ft or m)

SIGTIM Real time of the significant level (s)

SIGTMP Real temperature of the last significant level
chosen by the temperature of algorithm (°C)

SPD Real wind speed (kn or ft/s or m/s)

TKEPT Real temperature (°C)

TMAX Real maximum temperature (°C)

TMIN Real minimum temperature (°C)

TMPCON Real consitant for determining significant
temperature data

TSIG Real computed factor for derermining significant
temperature data

TTEMP Real temperature (°C)

WC Real conversion constant for wind speed

WMAXL Real maximum wind speed below 100 mbars

WMAXU Real maximum wind speed above 100 mbars

6.2.13.4 Algorithm

S N

Choose surface data and terminating data as significant.
Choose significant levels based on tropopause and temperatures,
Choose significant levels based on relative humidity.

Choose significant levels based on wind speeds.

Set up column headings.

Qutput significant dara.
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£.2.13.5.1

Flowchan
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6.2.13.5.2 Flowchart

SET MAX .
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L
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DO LOOP /
- L 4
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¥
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6.3

6.3.1

RSRC 2

Global Daia Structures

A

ABSH
DALT
DEN

DLOG

EE

GG
GRAT
HA
HGT
HH
HS
HY

iP

ISL
ITHK
[IELE
ITYPE
KSWI
Ksw2
KSW3
KSw4
KSW5
KSWé6
NNA
NWDD
NWWD

PLOG
PR
PW
PWA

RF}
RH

RI

SF
SFC
SHR
SIGLH

D
TDEW

absclute humidity

output interval — height

logarithm of density

logarithm of density — array

vapor pressure

vapor pressure — array

time of data jevels — array

gravitational constanit

surface altitude

geopotential height

geopotential height — array

output altitude

constant in the hypsometric equation

output flag — m or it

array of flags indicating significant levels
termination reasorn

flag indicating temperature sensing element type
flag indicating tracker type

flag — wind speed units in the output (kn or ft/s or m/s)
unused flag

flag — indicate whether or not to interpolate
unused flag

flag — microwave or optical index of refraction
flag — shear in s~ or kn

column heading variable

column heading variable

column heading variable

barometric pressure

array — logarithm of barometric pressure
array — barometric pressure

precipitable water

array -— precipitable water

radius of the Earth

conversion factor — number of degrees/radian
array — refractive index

relative humidity

refractive index

conversion factor — linear measure
conversion factor — velocity measure

shear

height of the tropopause

temperature

dewpoint temperature

array — dewpoint temperature




6.3.2

6.3.3

6.3.4

6.3.5

7.0

TP
UABS
| 878]
Vs
VSN
VX
VXHP
VX1
VY
VYHP
VYl
wWC
XINE
XX
YY

Z

Z7

INIG/
IDAY
AHEAD!/

IHEAD!I
IHEAD2

ISIG/

VXA
VYA

MAND/

G

Z

H

P
PLOG
T

TD
HUM
RFI
SL

RSRC 2

array — temperature

array — absolute humidity

array — relative humidity

velocity of sound

array — velocity of sound

array — east-west wind velocity component
east-west wind velocity component

east-west wind velocity component

array — north-south wind velocity component
north-south wind velocity comonent
north-south wind velocity component
conversion factor — velocity measure

missing dara flag

array — east-west wind position component
array — north-south wind position component
geometric height

array — geometric height

flag — day or night release

array — column headings
array — column headings

array — east-west wind velocity components
array — north-south wind velocity components

array — data level times

array — geometric heights

array — geopotential heights

array — barometric pressures

array — logarithm of barometric pressures
array — temperatures

array — dewpoint temperatures

array — relative humidities

array — refractive index

array — significant level flags

SPECIAL MAINTENANCE

Not applicable

65




RSRC 2

8.0 SECURITY AND PRIVACY .
RSRC is an unclassified program.

90 ERROR CONDITIONS

Not applicable.

10.0 CONVENTIONS

10.1 Program RSRC

20,902,983.317
6,371,229.315

mean radius of Earth (ft)
mean radius of Earth (m)

1.68895 = converts kn to ft/s
0.514792 = converts kn to m/s
0.3048 = converts ft to m
221.266 = constant in hypsometric equation (SMT, List, 1968, page 224) when
units desired are fi
67.442 = constant in hypsometric equation when units desired are m
(.592085 = converts ft/s to kn
57.29578 = degrees per radian

10.2  Function WDIRF

true cast (degrees) .

90 =

180 = true south (degrees)
270 = true west (degrees)
360 = true north (degrees)

10.3  Subroutine WIND
&0

converts min to s
10.4  Subroutine TSIGN
None
10.5 Subroutine FORM

592.085 = (ft/s to kn) X 10°
10.6  Subroutine TRHC

273.15 Converts *C to K
—0.659 Empirical Constants Reference page 26
2.464 AFCRL-TR-74-0111
17.269 Constants from Teten’s Expression, Handbook of Meteorology
237.3 Berry, Bollay, Beers .
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9.8
0.43
52.0

=0.71

RSRC 2

Empirical Constants

Reference NOAA Technical Memorandum
EDS CEDDA-7

Page 1| ABSTRACT

10.7 Subroutine COMPUT

273.15
0.379
0.3136
186.527
8.286
237.3
7.5
0.0611
77.6
0.584
5.6
374808
0.06

1.4028

216.7
1.94254

348.38

980.616

622

2.2

0.3048

converts temperature °C to K
empirical constant, U.S. Standard Atmosphere Supplements, 1966
square of sky background light source wave length (0.56y)

constants from Teten’s Expression, page 343, Handbook of
Meteorology

saturation vapor pressure at 0°C = 100, page 350, SMT, List 1968

Reference Radio Meteorology, Bean and Dutton, 1966, page 7,
Formula 1.16

Ratio of specific heat of air at constant pressure to thar at a
constant volume

Reference Haurwitz Dynamic Meteorology, 1941

m/s 1o kn

From gas constant for dry air and conversion factors with pressure
in mbar and density in g/m’. Reference page 290, SMT, List
1968.

Acceleration of gravity, cm/s

Reference Handbook of Meteorology saturation mixing ratio
equation, page 302.

Constant used in curvature correction to elevation angle (Reference
Bibliography No. 13)

Number of m/ft
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16.3 Subroutine TITLE .

The Station identifier and gravitational ratio arrays are as follows:

1Z XiD GRAT

1 Cape Canaveral AFS, Florida 0.9985630638
9 Antigua AAFB, West Indies 0.9978238080
i2 Ascension AAFB 0.9974695597
9% Station (for read in) 0.9999955955%

0.0026373 | constants found in Smit&som'an Meteorological Tables (1951) page
0.0000059 | 488, equation 2

Sta Name Lat. Long.
01 Cape Canaveral AFS, Florida 28.47TN 20.55W
0% Antigua AAFB, West Indies 17.12N 61.78W
12 Ascension AAFB 7.978 14.40W
99 Unassigned Station
109  Subroutine HED .

None

10.10 Subroutine TABDAT

Tropopause selection criteria

0.0006096 = maximum allowed lapse rate per 6,562 ft in °C/ft

6562 = thickness for checking maximum allowed lapse rate (ft)
0.002 = maximum allowed lapse rate per 2,000 m in *C/m
2000 = thickness for checking maximurn.aliowcd. lapse rate (m)

10.11 Subreutine INTERP

None
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10.12 Subroutine MAND

Mandatory data levels for output (mbars)

1000 250 10
530 200 7
500 175 5
850 150 4
800 125 3
750 100 2
700 80 1
650 70
600 60
550 50
500 40
450 30
400 25
350 20
300 15

10.13 Subroutine SIG

10.0 humidiry deviations (%) at which significant levels are selected

5.0 {user’s oprtion)

0.5

1.0 } temperature deviations (%) at which significant levels are selected (user’s
20 option)

11.0 TERMS AND ABBREVIATIONS

Not applicable.
1200 PROJECT REFERENCES
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